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END
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TEST SOCKET, METHOD OF
MANUFACTURING THE TEST SOCKET,
TEST METHOD USING THE TEST SOCKET,
AND MEMBER TO BE TESTED

BACKGROUND OF THE INVENTION

The present mvention relates to a test socket for use in
testing the electrical characteristics of an electronic device
or a semiconductor package, and more particularly, to the
structure of a contact for use in establishing electrical
connection when the contact 1s brought into contact with an
external connection terminal of an electronic device or a
semiconductor package.

As shown 1 FIG. 19, a known test socket for use 1n
testing an electronic device, such as an IC or a bare chip, or
a semiconductor package, comprises a contact 1 which 1s
formed by means of punching a member having the property
of a spring into a predetermined shape, and a housing 11
which fixedly retains the contact 1 and i1s formed from an
insulating material. In order to test a semiconductor package
14, the semiconductor package 14 is placed on a seat 13, and
the tip end of the contact 1 1s brought into contact with
external connection terminals 14a extending from the semi-
conductor package 14. A press jig 12 1s pressed against the
external connection terminals 144, to thereby establish elec-
trical connection between the external connection terminals
14a and the contact 1. A predetermined test signal 1s
transmitted to and received from electrical circuits provided
within the semiconductor package 14, by way of the contact
1 and the external connection terminals 14a.

FIG. 20 15 a plan view showing the contact 1 provided in
the known test socket shown in FIG. 19. In the drawing,
reference numeral 1 designates a contact; 2 designates a
resilient section; 3 designates a tip end which 1s to be
brought into contact with external connection terminals of
an electronic device or a semiconductor package; 4 desig-
nates a base; and 5§ designates a terminal. The terminal 5 to
be connected to a test circuit board protrudes downwardly
from the base 4, which 1s provided for positioning the test
socket and extends horizontally. The resilient section 2
protrudes from the base 4 upwardly while being bent hori-
zontally. The tip end 3 1s provided at the free end of the
resilient section 2 and 1s imparted with elasticity with
respect to the vertical direction. The press jig 12 1s pressed
against the external connection terminals 14a while the
external connection terminals 14a of an electronic device or
the semiconductor package 14 are placed on the tip end 3.
As 1ndicated by a dotted line shown 1n FIG. 20, the tip end
3 1s displaced downwardly while involving horizontal move-
ment and deflecting the U-shaped resilient section 2. By
means of the restoration force of the deflected resilient
section 2, the tip end 3 1s brought 1nto pressing contact with
the external connection terminals 14a.

FIG. 21 1s a plan view showing the shape of a contact
described 1n the Unexamined Japanese Patent Application
Publication No. He1 5-104856. In the drawing, reference
numeral 1 designates a contact; 2a and 2b designate resilient
sections; 3 designates a tip end; 4 designates a base; 5
designates a terminal; and 6 designates a support section. In
the contact 1, the terminal 5 protrudes downwardly from the
horizontally-extending base 1, and the support section 6
protrudes upward from the base 4. The base end of a first
resilient section 2a and the base end of a second resilient
section 2b are connected to the support section 6 such that
the first and second resilient sections 2a and 2b extend
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horizontally while being spaced a certain distance apart from
cach other i the vertical direction. The tip end 3 to be
brought into contact with the external connection terminals
144 of an electronic device or the semiconductor package 14
1s connected to the free end of the first resilient section 2a
and the free end of the second resilient section 2b. Vertical
clasticity 1s 1mparted to the tip end 3. The contact 1 can
retard horizontal movement of the tip end 3, which would
otherwise be mnvolved at the time of downward movement of
the tip end 3, by means of the first resilient section 2a and
the second resilient section 2b. As a result, there can be
prevented disengagement of the external connection termi-
nals 14a of an electronic device or the semiconductor
package 14 from the tip end 3, or deformation of the external
connection terminals 144, which would otherwise be caused
when the semiconductor package 14 1s displaced while the
external connection terminals 14a are disengaged from the
tip end 3.

FIG. 22 1s a plan view showing the shape of a contact
described 1n the Unexamined Japanese Patent Application
Publication No. He1 4-34380. In the drawing, reference
numeral 1 designates a contact; 2a and 2b designate resilient
sections; 3 designates a tip end; and S designates a terminal.
The contact 1 1s formed by means of vertically stacking two
hair-pin-like resilient sections 2a and 2b so as to constitute
an S-shaped geometry, and attaching the tip end 3 to an
upper free end of the two resilient sections 2a and 2b. The
terminal 5 1s attached to a lower free end of the two resilient
sections 2a and 2b. The two resilient sections 2a and 2b are
bent 1n opposite directions, and hence the contact 1 having
the resilient sections 2a and 2b has the function of retarding
horizontal movement, which would otherwise be involved
by vertical movement of the tip end 3.

The surfaces of the external connection terminals 14a of
an electronic device or the semiconductor package 14 are
usually plated, and an oxide film 1s formed on the surface of
the external connection terminals 14a. Hence, the external
connection terminals 14a have high electrical resistance.
There 1s a necessity for establishing good electrical contact
between the external connection terminals 14a and the tip
end 3 of the contact 1 by means of removing the oxide film
and increasing the area of contact between the external
connection terminals 14a and the tip end 3. FIG. 23 15 a
perspective view showing the shape of a contact 1 which 1s
to realize good electrical contact and 1s described 1n the
Unexamined Japanese Patent Application Publication No.
Sho 58-199545. In the drawing, reference numeral 1 desig-
nates a contact; 2 designates a resilient section; 3 designates
a tip end; 3a designates a protuberance; and 5 designates a
terminal. In the contact 1 having such a structure, a plurality
of protuberances 3a are formed 1n the tip end 3 with which
the external connection terminals 14a are to be brought into
contact. Even 1n a case where an oxide {ilm 1s formed on the
surface of the external connection terminals 144, the contact
1 has the function of breaking the oxide film, to thereby
ensure electrical contact with the external connection ter-
minals 14a.

In the known contact shown 1n FIG. 20, external connec-
fion terminals are moved horizontally by several hundreds of
micrometers when contact pressure 1s applied to the external
connection terminals, as a result of which the external
connection terminals are disengaged from the tip end. Use of
either one of the contacts shown 1n FIGS. 21 and 22 prevents
disengagement of the external connection terminals from the
contact, which would otherwise be caused by horizontal
movement of the external connection terminals. Such a
known contact mmvolves external connection terminals being
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moved about 50 um horizontally and fails to eliminate
relative sliding movement, which would arise between the

tip end 3 of the contact and the external connection terminals
14a. The external connection terminal 144 1s formed from a
42-alloy, and-solder plating having a thickness of about 10
um 1s formed on the surface of the external connection
terminal 14a. Since the surface of the solder plating is
naturally oxidized, the surface of the external connection
terminal 144 1s coated with an oxide. In a case where relative
sliding movement arises between the external connection
terminals 14a and the tip end 3, the tip end 3 scrapes a solder
or solder oxide which covers the external connection termi-
nals 14a. The resultant agglomerate adheres to and are
accumulated on the surface of the tip end 3. Particularly 1n
a case where the accumulated agglomerate corresponds to
insulating oxides, electrical connection 1s hindered. As a
result, the semiconductor package may be erroncously deter-
mined to be defective even though the semiconductor pack-
age 15 non-defective. In contrast, in a case where the
accumulated agglomerate 1s conductive oxides such as
solder, high contact resistance arises between the external
connection terminals and the tip end 3, and the semicon-
ductor package may be erroncously determined to be defec-
tive. In either case, an electronic device or semiconductor
package, which has been determined to be defective, 1s
uneconomically discarded. In order to prevent occurrence of
uncconomical discarding of a non-defective electronic
device or semiconductor package, a test socket must be
replaced with a new one after a short period of use. This
accounts for the shortening of the life of a test socket for
testing an electronic device or a semiconductor package.

In the case of use of a contact having protuberances
provided on 1ts tip end shown 1n FIG. 23, good electrical
contact can be achieved during an early period. Bringing
external connection terminals 1n contact with the tip end of
the contact involves horizontal movement of the external
connection terminals. Further, the surface of the external
connection terminals 1s scraped by the sharp protuberances,
which 1nevitably involves formation of a large amount of
agglomerate. As 1n the case of the previously-described
background art, the life of the test socket 1s shortened.

Either of the previously-described contacts involves hori-
zontal movement of external connection terminals, which 1n
turn results 1n formation and deposition of agglomerate. The
resultant agglomerate 1s scraped from the external connec-
tfion terminals as a result of repeated used of the contact. In
a case where agglomerate 1s conductive and adheres to
external connection terminals so as to extend across the
contacts, electrical shortcircuit may arise. Further, the
agglomerate that adheres to the external connection termi-
nals causes soldering failures when a semiconductor pack-
age 1s mounted. In association with an increase 1n the size of
an eclectronic device or semiconductor package and the
number of terminals, a pitch between external connection
terminals 1s made narrower, and hence agglomerate 1mposes
a serious problem.

Besides, generally, an electric device or a semiconductor
package 14 are protected by resin molding. After molding,

unnecessary resin 1s cut off. During cutting off, resin trash
sometimes attaches to external terminal 14a. The trash
avolds electric connection between a contact terminal and
the external terminal. Due to this, a good electric device or
a good semiconductor packaging are deteriorated.

SUMMARY OF THE INVENTION

In order to solve the problems, the object of the present
ivention 1s to provide a test socket for use 1n testing an
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clectronic device or semiconductor package, the test socket
being able to stably and continuously establish good elec-
trical contact between the contact and the external connec-
tion terminals. Particularly, the present invention 1s aimed at
providing a contact which prevents formation of
agglomerate, which would otherwise be caused when a
contact comes 1nto sliding contact with external connection
terminals, and ensures electrical connection between the
contact and the external connection terminals.

Accordingly, the present invention provides a test socket
which includes a contact to be electrically connected to an
external connection terminal of a member to be tested and 1s
to be used for testing the electrical characteristic of the
member, wherein

the contact has

a tip end to be brought into contact with the external
connection terminal; and

resiliently-deformable bulging sections which extend
horizontally with respect to the tip end.

Preferably, the resiliently-deformable bulging sections are
two members which are disposed opposite to each other and
extend 1n opposite horizontal directions with respect to the
tip end.

Preferably, the resiliently-deformable bulging sections are
two members which are disposed opposite to each other with
respect to the tip end, and the rigidity of one member differs
from that of the other member.

Preferably, a portion of the tip end to be brought into
contact with the external connection terminal of the member
to be tested 1s formed into a roundly-pointed shape or a
substantially hemi-spherical shape.

Preferably, a portion of the tip end to be brought into
contact with the external connection terminal of the member
1s formed so as to assume a smooth corrugated geometry.

Preferably, a plurality of protuberances formed from
smooth surfaces-and a plurality of recesses which are adja-
cent to the protuberances and are formed from smooth
surfaces are formed 1n the tip end to be brought 1nto contact
with the external connection terminal of the member.
Preferably, an agglomerate-resistant member 1s provided on
a plurality of protuberances formed from smooth surfaces
and on a plurality of recesses which are adjacent to the
protuberances and are formed from smooth surfaces.

Preferably, the agglomerate-resistant member 1s formed
from the material selected from the group comprising:

chromium, tungsten, titanium nitride, diamond-like carbon,
and diamond.

The present invention also provides a method of manu-
facturing the test socket defined previously, the method
comprising the steps of:

punching material so as to define the profile of a contact
of a test socket belonging to an electronic device or semi-
conductor package;

forming, in a tip end to be brought into contact with an
external connection terminal of a member to be tested of the
punched component, a plurality of protuberances and a
plurality of recesses from smoothly-curved surfaces such
that the recesses are located adjacent to the protuberances;
and

forming a film on the punched component having the
irregularities formed therein.

The present invention further provides a test method
involving use of the test socket as defined in any one of
claims 1 through 8, comprising the steps of:
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bringing an external connection terminal of a member to
be tested 1nto contact with a tip end of the contact of the test
socket;

sending, to the member, an electric signal transmitted
from a terminal connected to a circuit board; and

testing the operation of the member through use of the
electric signal returned from the test member.

The present invention also provides a member tested by
the test method which involves use of the test socket
described above. The operation of the member 1s tested
without involvement of flaws being formed 1n the external
connection terminal of the member, or only 1mnvolving for-
mation of minute slide flaws having a length of about 10 um.

In order to solve the problems, the object of the present
invention 1s to provide a test socket for use 1n testing an
electronic device or semiconductor package, the test socket
being able to stably and continuously establish good elec-
trical contact between the contact and the external connec-
tion terminals. Particularly, the present invention 1s aimed at
providing a contact which prevents formation of
agglomerate, which would otherwise be caused when a
contact comes 1nto sliding contact with external connection
terminals, and ensures electrical connection between the
contact and the external connection terminals.

A test socket which includes a contact to be electrically
connected to an external connection terminal of a member to
be tested and 1s to be used for testing the electrical charac-
teristic of the member, wherein

the contact has

a plurality of tip ends to be brought into contact with the
external connection terminal;

resilient sections connected to the respective tip ends; and

a support section to which the resilient sections are
connected or to which one resilient section 1s connected by
way of the other resilient section.

Preferably, the resilient sections connected to the tip ends
are two members which are disposed opposite to each other
and bent so as to extend horizontally 1n opposite horizontal
directions with respect to the tip ends.

Preferably, a clearance 1s defined between the plurality of
tip ends.

Preferably, a vector 1s defined by means of interconnect-
ing a resilient section connected to a tip end, the center of a
connection section at which a support section supports the
resilient section, and the center of the tip end to be brought
into contact with an external connection terminal of a
member to be tested, and the vector substantially matches
the direction 1n which the tip end 1s brought into contact with
the external connection terminal.

Preferably, a portion of at least one of the tip ends to be
brought into contact with the external connection terminal of
the member to be tested 1s formed into a roundly-pointed
shape or a substantially hemi-spherical shape.

Preferably, a portion of at least one of the tip ends to be
brought into contact with the external connection terminal of
the member 1s formed so as to assume a smooth corrugated
geometry.

Preferably, a plurality of protuberances and recesses are
formed from smooth surfaces 1n at least one of the tip ends
to be brought into contact with the external connection
terminal of the member such that the protuberances and
recesses are adjacent to each other are formed.

Preferably, an agglomerate-resistant member 1s provided
on the plurality of protuberances formed from smooth
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surfaces and on the plurality of recesses which are adjacent
to the protuberances and are formed from smooth surfaces.

Preferably, the agglomerate-resistant member 1s formed
from the maternal selected from the group of: chromium,
fungsten, titanium nitride, titanium carbide-nitride,
diamond-like carbon, and diamond.

The present invention also provides a method of manu-
facturing the test socket described above, the method com-

prising the steps of:

punching a member having the property of a spring into
a component so as to define the profile of a contact of a test
socket belonging to an electronic device or semiconductor
package;

splitting a tip end of the contact 1to a plurality of pieces;
and

plating the thus-punched component.

The present mvention also provides a method of manu-
facturing the test socket described above, comprising the
steps of:

punching a member having the property of a spring into
a component, so as to define the profile of a contact of a test
socket belonging to an electronic device or semiconductor
package;

splitting a tip end of the contact into a plurality of pieces;

forming a plurality of protuberances and recesses from

smooth surfaces 1n the surfaces of the tip end such that the
protuberances and recesses are adjacent to each other;

plating the thus-roughened component.

The present invention provides a test method mvolving
use of the test socket described above, comprising the steps

of:

bringing an external connection terminal of a member to
be tested 1nto contact with a tip end of the contact of the test
socket;

sending, to the member, an electric signal transmitted En
from a terminal connected to a circuit board; and

testing the operation of the member through use of the
clectric signal returned from the test member.

According to the present invention, the operation of a

member 15 tested by means of bringing the tip end of the
contact of the test socket described above 1into contact with

the member, such that no flaws are formed 1in an external
connection terminal of the member or only minute slide
flaws having a length of about 10 um are formed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing the structure of a
contact of a test socket according to a 1st embodiment of the
present 1nvention;

FIG. 2 1s a front view showing the operation of the contact
of the test socket according to the 1st embodiment;

FIG. 3 1s a front view showing a contact of a test socket
according to a 2nd embodiment of the present invention;

FIG. 4 1s a front view showing a contact of a test socket
according to a 3rd embodiment of the present invention;

FIG. 5 1s a front view showing a contact of another test
socket for testing an electronic device or semiconductor
package according to the 3rd embodiment of the present
invention;

FIG. 6 1s a front view showing a contact of still another
test socket according to the 3rd embodiment of the present
mvention;

FIG. 7 1s a front view showing a contact of yet another test
socket according to the 3rd embodiment of the present mi
mvention;
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FIG. 8 1s a perspective view showing the structure of a
contact of a test socket according to a 4th and a 17th
embodiments of the present 1nvention;

FIG. 9 1s a graph representing the relationship between
contact resistance and the curvature radius of the tip end
obtained when the contact of a test socket according to the
4th and the 17th embodiments 1s used,

FIG. 10 1s a perspective view showing a contact of
another test socket according to the 4th and the 17th embodi-
ments of the present invention;

FIG. 11 1s a perspective view showing the structure of a
contact of a test socket according to a 5th and an 18th
embodiments of the present 1nvention;

FIG. 12 1s a perspective view showing the structure of a
contact of a test socket according to a 6th and a 19th

embodiments of the present 1nvention;

FIG. 13 1s an enlarged cross-sectional view schematically
showing a tip end of a contact when the tip end of the test

socket according to the 6th and the 19th embodiments 1s in
contact with an external connection terminal;

FIGS. 14A and 14B are plan view showing agglomerate
deposited on the tip end of the test socket according to the
6th and the 19th embodiments, in comparison with the
agglomerate deposited on a tip end of a contact belonging to
a known test socket;

FIG. 15 1s across-sectional view showing irregularities
formed 1n a tip end of a contact belonging to a test socket
according to a 7th and a 20th embodiments of the present
mvention;

FIG. 16 1s a cross-sectional view showing irregularities
formed 1n a tip end of a contact belonging to a test socket
according to an 8th and a 21st embodiment of the present
mvention;

FIG. 17 1s a flowchart showing specific example steps of
a method of manufacturing a test socket according to a 9th
embodiment of the present invention;

FIG. 18 i1s a table showing a fraction defective of semi-
conductor packages which are tested through use of the three
types of contacts employed 1in a 10th embodiment of the
present invention;

FIG. 19 1s a cross-sectional view showing a known test
socket;

FIG. 20 1s a cross-sectional view showing another known
test socket;

FIG. 21 1s a cross-sectional view showing yet another
known test socket;

FIG. 22 1s a cross-sectional view showing still another
known test socket;

FIG. 23 1s a cross-sectional view showing another known
test socket:;

FIG. 24 1s a front view showing a contact of a test socket
according to the 12th embodiment of the present invention;

FIG. 25 1s a front view showing a contact of another test
socket according to the 12th embodiment;

FIGS. 26A and 26B are front view showing a contact of
a test socket according to a 13th embodiment of the present
mvention;

FIG. 27 1s a front view showing a contact of a test socket
according to a 14th embodiment of the present invention;

FIG. 28 1s a front view showing a contact of a test socket
according to a 15th embodiment of the present invention;

FIG. 29 1s a front view showing a contact of a test socket
according to a 16th embodiment of the present invention;

10

15

20

25

30

35

40

45

50

55

60

65

3

FIG. 30 1s a flowchart showing specific example steps of
a method of manufacturing a test socket according to a 22nd
embodiment of the present invention;

FIG. 31 1s a table showing a fraction defective of semi-
conductor packages which are tested through use of the three
types of contacts employed 1n a 23rd embodiment of the
present 1nvention; and

FIG. 32 1s a table showing fraction defectives of semi-
conductor packages determined by a test through use of test
contacts according to a 24th embodiment, in comparison
with fraction defectives of semiconductor packages deter-
mined by a test through use of a known test socket.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

1st Embodiment

Preferred embodiments of the present invention will be
described hereinbelow by reference to the accompanying
drawings. FIG. 1 1s a perspective view showing the structure
of a contact of a test socket for testing an electronic device
or a ssmiconductor package according to a 1st embodiment
of the present invention. FIG. 2 1s a front view showing the
operation of the contact shown in FIG. 1. In the drawings,
reference numeral 1 designates a contact; 2 designates a
resilient section; 3 designates a tip end; 4 designates a base;
S designates a terminal to be connected with a test circuit
board; 6 designates a support; 14 designates a semiconduc-
tor package; and 14a designates an external connection
terminal.

The contact 1 of the test socket has the tip end 3 to be
brought into contact with the external connection terminal
14a of the semiconductor package 14, the external connec-
tion terminal 14a being a free end, and the resilient section
2 connected to the tip end 3. The resilient section 2 1s formed
from two pieces of resilient material (hereinafter referred to
as “two resilient pieces 2”), and the two resilient pieces 2
extend from respective sides of the tip end 3. The two
resilient pieces 2 are connected to a single support 6, and the
base 4 to be used for positioning a socket extends horizon-
tally from the support 6. The terminal § to be connected to
a test board 1s connected to a lower portion of the support 6.
The external connection terminal 14a of the semiconductor
package 14 1s placed on the tip end 3, and an unillustrated
press 11g 1s pressed against the external connection terminal
14a. The force exerted downward on the tip end 3 1s equally
distributed between two curved portions of the resilient
section 2, which curves are provided opposite to each other
with respect to the center of the tip end 3. The two curved
portions are deflected downwardly, and the force which 1s
exerted on the tip end 3 1n reaction to the downward
deflection of the two curved portions brings the tip end 3 into
pressing contact with the external connection terminal 14a.
At this time, the two resilient curved portions are deflected
to the same extent, and hence horizontal movement of the
resilient section 2 1s not involved. Consequently, there can
be prevented scraping of a member constituting the external
connection terminal 14a or formation of oxides on the
external connection terminal 14a, which would otherwise be
caused when relative sliding movement arises between the
tip end 3 and the external connection terminal 14a.
Accordingly, there can be prevented generation and accu-
mulation of agglomerate on the surface of the tip end 3.

2nd Embodiment

FIG. 3 1s a front view showing the structure of a contact
of a test socket for testing an electronic device or semicon-
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ductor package according to a 2nd embodiment of the
present 1nvention. In the drawing, reference numeral 1
designates a contact; 2 designates a resilient section; 3
designates a tip end; 4 designates a base; 5 designates a
terminal to be connected with a test circuit board; and 6
designates a support.

The contact 1 having the foregoing structure comprises
the tip end 3 to be brought into contact with an external
connection terminal of a semiconductor package, the termi-
nal being a free end; and the resilient section 2 connected to
the tip end 3. The resilient section 2 1s formed 1nto the shape
of a rhombus, and two sharp-angular portions of the rhom-
boid resilient section 2 extend horizontally with respect to
the tip end 3. The two angular portions of the resilient
section 2 are connected to the single support 6. The base 4
1s connected to the support 6 so as to extend horizontally and
position a socket. Further, the terminal 5 to be connected to
a test board i1s connected to a downward portion of the
support 6. The external connection terminal 14a of the
semiconductor package 1n 14 1s placed on the tip end 3, and
an unillustrated j1g 1s pressed against the external connection
terminal 14a. As 1n an the case of the 1st embodiment, there
can be prevented formation and deposition of agglomerate
on the surface of the tip end 3.

3rd Embodiment

FIGS. 4 through 7 are front views showing the configu-
ration of a contact of a test socket for testing an electronic
device or semiconductor package according to a 3rd
embodiment of the present invention. In the drawings,
reference numeral 1 designates a contact terminal; 2¢, 2d,
and 2f designate resilient sections; 3 designates a tip end to
be brought into contact with an external connection terminal
of a semiconductor package; 4 designates a base; and 6
designates a support.

In the present embodiment, as shown 1n FIG. 4, the height
of the resilient section 1s set to a value of 5 to 10 mm or
thereabouts. The first resilient section 2¢ having a width Wc
of about 0.5 mm and the second resilient section 2d having
a width Wd of about 1 mm are arranged opposite to each
other with respect to the tip end 3. A force of about 50 ¢ 1s
exerted on the contact 1 from the above by means of an
unillustrated press j1g. As a result, the tip end 3 to be brought
into contact with an external connection terminal of a
semiconductor package 1s moved horizontally about 10 to 20
um toward the first resilientsection 2¢. In the contact 1
having such a structure, the trace amount of horizontal
displacement can be applied to the tip end 3. The tip end 3
can be unfailingly brought into contact with the external
connection terminal while formation of agglomerate 1s mini-
mized. Further, the distance over which the tip end 3 1s shid
can be changed by means of changing the width of each of
the resilient sections 2C and 2D, thus imparting appropriate
horizontal displacement to the tip end 3.

Although the present embodiment has described an
example 1n which two resilient sections have different
widths, the advantageous result yielded by the present
embodiment can be yielded even when the two resilient
portions have identical widths Wc¢ and Wd or either of the

two resilient portions has a smaller width We, as shown 1n
FIG. §.

The primary object of the 3rd embodiment 1s to change
the flexural rigidity of each of the resilient sections 2¢ and
2d. The advantageous result yielded by the present embodi-
ment can be achieved even 1n a case where the resilient
sections 2¢ and 2d are changed 1n length, as shown 1n FIG.
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6, where a third resilient section 2f 1s added to the two
resilient sections 2¢ and 2d, as shown 1n FIG. 7, or where the
material of the resilient section 1s partially changed, in
addition to the case where the resilient sections 2¢ and 2d are
changed into the example resilient section shown 1n FIGS.

4 or 5.

4th Embodiment

FIG. 8 1s a perspective view showing a portion of the tip
end belonging to a contact of a test socket according to a 4th
embodiment of the present invention. The tip end 3 1is
formed 1nto a roundly-pointed head having a certain thick-
ness. Contacts according to the present embodiment are
formed from beryllium having a thickness of 0.2 mm by
means of pressing, and the roundly-pointed heads of the
contacts are of different radii of curvature. Test sockets are
manufactured through use of these contacts, and a force of
about 50 ¢ 1s exerted on the tip end of the contact of
respective test socket from above, through use of a press jig,
thereby examining the relationship between contact resis-
tance and the curvature radius of the tip end. FIG. 9 shows
test results. The graph shown i FIG. 9 represents the
relationship between contact resistance and the curvature
radius of the tip end obtained when the contacts of test
sockets according to the present embodiment are used. It can
be ascertained that contact resistance can be suppressed
when the tip end 3 1s provided with the roundly-pointed
portion 16 having a curvature radius of about 0.3 mm or less.

Although the present embodiment has described the rela-
tionship between contact resistance and the curvature radius
of the tip end obtained 1n the case of use of the test socket
whose the tip end 3 has the roundly-pointed portion 16, the
same relationship can be achieved even 1n a case where the
tip end 3 1s formed into a substantially-hemi-spherical
portion 17. Further, the same relationship 1s achieved even
in a case where the tip ends 3 of the contacts 1 of the test
sockets described in the 2nd and 3rd embodiments are
formed i1nto a substantially-hemi-spherical shape or a
roundly-pointed shape.

5th Embodiment

FIG. 11 1s a perspective view showing the structure of a
tip end of a contact of a test socket according to a 5th
embodiment of the present invention. Reference numeral 3
designates a tip end; and 18 designates a corrugated portion
formed 1n a portion of the tip end 13. In a case where the
curvature radius of each of the corrugations 18 1s set to 0.3
mm or less, there 1s yielded the advantageous result yielded
in the 4th embodiment 1s yielded.

6th Embodiment

FIG. 12 1s a perspective view showing the structure of a
tip end of a contact belonging to a test socket according to
a 6th embodiment of the present mvention. FIG. 13 1s an
enlarged cross-sectional view showing a tip end of a contact
when the tip end 1s 1n contact with an external connection
terminal. FIG. 14 1s a plan view showing agglomerate
deposited on the tip end in comparison with the agglomerate
deposited on a tip end of a contact belonging to a known test
socket. In the drawings, reference numeral 3 designates a tip
end; 7 designates 1rregularities formed on the tip end 3; 7a
shown 1n FIG. 12 designates a plurality of protuberances
formed from smoothly-curved surfaces; 7b designates a
plurality of smoothly-curved recesses formed adjacent to the
protuberances; 14a designates an external connection ter-
minal; 14b designates a solder film, such as solder, formed
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so as to cover the external connection terminal 14a; and 8
designates agglomerate.

In the contact 1 according to the 4th embodiment, 1f, as
shown i FIG. 12, the wrregularities 7 are formed on the
surface of the tip end 3, the protuberances 7a are engaged 1n
the surface of the solder film 14b on the external connection
terminal 14a, thereby breaking an oxide film which 1is

present on the surface of the solder film 14 and increasing,
a contact area between the protuberance 7a and the solder
f1lm 14b. Since a plurality of protuberances 7a are present on
the tip end 3, there can be ensured a sufficient contact arca
between the protuberances 7a and the solder film 145
without 1nvolvement of relative sliding motion, which
results from horizontal movement of the contact 1.
Accordingly, an electrical signal can be transmitted/recerved
by way of the contact 1. In other words, good electrical
contact can be ensured for a long period of time while there
1s minimized formation of agglomerate, which would oth-
erwise be caused by means of the protuberances 7a scraping
the solder film 14b on the external connection terminal 14a4.

In the present embodiment, formation of agglomerate,
which would otherwise be caused by sliding action of the
known contact, 1s mimimized. However, when the protuber-
ances 7a formed on the tip end 3 of the contact 1 are engaged
with the solder film 14b, the agglomerate 8—which 1s an
aggregation of solder or oxide scraped from the solder film
14b—1is displaced into the recesses 7b. In the present
embodiment, the agglomerate 8 1s locally deposited 1n a
trace amount. Deposition of the agglomerate 8 1s described
in comparison with the agglomerate 8 which 1s deposited on
the known contact, by reference to FIGS. 14A and 14B. As
shown 1 FIG. 14B, the agglomerate 8 1s deposited substan-
tially over the entire tip end 3 which 1s to be brought into
contact with an external connection terminal. The contact
would fail to establish good electrical contact with an
external connection terminal before long. In contrast, in the
contact 1 according to the present embodiment, the agglom-
erate 8 1s accumulated 1n the recesses 7b. As shown 1n FIG.
14A, the agglomerate 8 1s scarcely present in the contact
arca where the contact 1 1s 1n contact with the external
connection terminal 14a. Even 1n a case where the agglom-
crate 8 1s deposited on the tip end 3 through tests, the
plurality of protuberances 7a can ensure electrical contact.
Further, since relative sliding action, which would otherwise
arise between the contact 1 and the external connection
terminal 144, 1s mimimized, and hence agglomerate 8 1is
deposited 1n small amount. Thus, stable electrical contact
can be established between the-external connection terminal
14a and the contact 1 for a long period of time.

The geometry of the irregularities 7 formed on the surface
of the tip end 3 according to the present embodiment will
now be described. In order to ensure a contact area most
cificiently, the curvature radius R of the top of the protu-
berance 7a 1s preferably set so as to assume substantially the
same value as the thickness of the outermost layer of the
external connection terminal 14«; that 1s, the thickness of the
solder film 14bH. A cavity formed by combination of the
protuberances 7a and the recesses 7b 1s filled with the
agglomerate 8 soon, if the cavity has a shallow depth D. For
this reason, the depth D of the cavity 1s preferably set so as
to assume a thickness which 1s greater than the thickness of
the outermost layer on the external connection terminal. In
fact, the curvature radius R of the top of the protuberance 7a
1s preferably set so as to assume a value of about 10 um, and
the depth D of the cavity formed by combination of the
protuberances 7a and the recesses 7b 1s preferably set so as
to assume a value of about 20 um. If the irregularities are
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formed from smoothly-curved surfaces of, for example, 0.2
um or thereabouts, the agglomerate 8 preferably becomes
more slippery, to thereby prevent deposition of the agglom-
erate 8.

FIG. 12 shows an example 1n which the irregularities 7 are
formed 1n the surface of the tip end 3 having a roundly-
pointed head. The same advantageous result can be yielded
even when 1wrregularities are formed in the surface of the
hemi-spherical head of the tip end 3 shown 1 FIG. 10 or
when 1rregularities are formed 1n the surface of the tip end

3 whose head 1s formed from smooth corrugations, as shown
in FIG. 11.

7th Embodiment

FIG. 15 1s a cross-sectional view showing irregularities
formed 1n a tip end of a contact belonging to a test socket
according to a 7th embodiment of the present invention. In
the drawing, reference numeral 7a designates protuberances
of the 1rregularities 7; 7b designates recesses; and 9 desig-
nates a conductive solder-resistant agglomerate member
formed on the surface of the protuberances 7a.

In the contact (the entirety thereof is not shown) having
the foregoing structure, the solder-resistant conductive
agglomerate member 9 having a thickness of about 1 um 1s
formed on the protuberances 7a of the wrregularities 7
formed on the tip end 3. The agglomerate 8, such as solder
chippings, can be prevented from coagulating. Any sub-
stance may be employed as the solder-resistant conductive
agglomerate member 9, so long as the substance has low
chemical affinity for solder. For example, chromium,
tungsten, titanium nitride, and diamond-like carbon contain-
ing eraphite components 1n high proportion are particularly
preferable. The surface of the regularities 7 of the tip end 3
can be coated with chromium, by means of the plating
technique or the vapor-phase composition technique.

The present embodiment has described an example 1n
which the solder-resistant conductive agglomerate member
9 1s formed on the wrregularities 7 on the tip end 3. Adhesion
of solder to the tip end 3 of the contact 1 can be prevented
by means of forming the solder-resistant conductive
agglomerate member 9 on the surface of the tip end 3 which
1s shown 1n FIG. 8 and has a roundly-pointed head, the tip
end 3 which 1s shown 1n FIG. 10 and has a substantially
hemi-spherical head 17, or the tip end 3 which 1s shown 1n
FIG. 11 and has a smoothly-corrugated cross section
(corrugations 18).

Sth Embodiment

FIG. 16 1s a cross-sectional view showing irregularities
formed on a tip end of a contact belonging to a test socket
for testing an electronic device or a semiconductor package
according to an 8th embodiment of the present invention. In
the drawing, reference numeral 7a designates protuberances
of the irregularities 7; 7b designates recesses; and 10 des-
ignates a solder-resistant non-conductive agelomerate mem-
ber which 1s formed on the surface of the protuberances 7a.

In the contact 1 having such a structure (the entirety of the
contact 1 is not shown), the solder-resistant nonconductive
agglomerate member 10 having a thickness of, for example,
about 1 um 1s formed on the protuberances 7a of the
regularities 7 formed on the tip end 3, thereby preventing
agglomeration of solder chippings into the agglomerate 8.
Any substance may be employed as the solder-resistant
nonconductive agglomerate member 10, so long as the
substance has low chemical affinity for solder. For example,
diamond or diamond-like carbon containing graphic com-
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ponents 1n low proportion 1s particularly preferable. The
solder-resistant non-conductive agglomerate member 10 can
be formed on the surface of the 1irregularities 7 formed on the
tip end 3 by means of the vapor-phase composition tech-
nique. In order to ensure establishment of electrical contact
between the tip end 3 and the external connection terminal
14a or a coating film formed on the external connection
terminal 14a, the contact 1s subjected to oxygen plasma
ctching after a coating film has been formed on the tip end
3, to thereby remove a non-conductive film from an elec-
trical connection section. Further, a portion of the surface of
the 1rregularities 7 of the tip end 3, which portion 1s to act

as an electrical connection section, may be covered with a
resist film at the time of formation of the solder-resistant

non-conductive agglomerate member 10.

The present embodiment has described an example in
which the solder-resistant nonconductive agglomerate mem-
ber 10 1s formed on the wrregularities 7 on the tip end 3.
Adhesion of solder to the tip end 3 of the contact 1 can be
prevented by means of forming the solder-resistant noncon-
ductive agglomerate member 10 on the surface of the tip end
3 which 1s shown 1n FIG. 8 and has a roundly-pointed head,
the tip end 3 which 1s shown 1n FIG. 10 and has a substan-
tially hemai-spherical head 17, or the tip end 3 which 1is

shown 1n FIG. 11 and has a smoothly-corrugated cross
section (corrugations 18), while only an electrical connec-
fion section remains uncovered with the solder-resistant
nonconductive agglomerate member 10.

Oth Embodiment

The process of producing the contact 1 in which the
irregularities 7 are formed 1n the tip end 3 according to the
6th embodiment, comprises a first step of punching material
having the property of a spring by means of pressing, to
thereby define the profile of a contact; a second step of
forming wrregularities 1in the portion of the thus-punched
member, which portion 1s to come 1nto contact with an
external connection terminal; and a third step of coating the
thus-punched member having the iwrregularities formed
thereon.

FIG. 17 1s a flowchart showing speciiic example steps of
a method of manufacturing a test socket for use 1n testing an
electronic device or semiconductor package according to a
Oth embodiment of the present invention. For example, a
plate-like material having the property of a spring and a
thickness of several hundreds of micrometers, such as beryl-
lium copper or phosphor bronze, 1s pressed, to thereby
define the profile of the contact terminal 1. The tip end 3 of
the contact 1 1s made rough by means of any one of the
clectric discharge machining technique, the sand blasting
technique, the liquid honing technique, and the etching
technique. Protuberances formed 1n the thus-roughened sur-
face of the tip end 3 are subjected to electrolytic nickel
plating, and a solder film 1s grown until desired irregularities
arc formed. The thickness of the solder film 1s preferably
determined by means of the degree of a roughening opera-
tion. The thickness of the solder film preferably assumes a
value of 5 to 20 um or thereabouts. Further, the thus-
punched member which has been plated 1s subjected to gold
plating to a thickness of about 1 um, to thereby prevent
oxidation of the contact. Through the foregoing steps, there
can be readily manufactured the contact 1 comprising:

the tip end 3 to be brought into contact with an external
connection terminal of an electronic device or a semicon-

ductor package;

the plurality of resilient sections 2 which are joined
together and bent so as to extend horizontally with respect
to the tip end;

10

15

20

25

30

35

40

45

50

55

60

65

14

the support section 6 joined to the plurality of resilient
sections;

the base 4 which 1s connected to the support section 6 and
positions a test socket;

the terminal section 5 which 1s connected to the base 4 and
1S to be connected to a test circuit board;

the plurality of protuberances 7a which are formed 1n the
tip end 3 from smoothly-curved surfaces; and

the plurality of recesses 7b which are adjacent to the
protuberances 7a and formed from smoothly-curved sur-
faces.

In the present embodiment, the tip end 3 of the contact 1
1s made rough by means of electric discharge machining,
and protuberances which are present in the thus-roughened
arca are platedwith nickel. Through the stepsaccording to the
present embodiment, a plate-like material having the prop-
erty of a spring and a thickness of several hundreds of
micrometers, such as beryllium copper or phosphor bronze,
1s pressed, to thereby define the profile of the contact
terminal 1. The tip end 3 1s plated with cobalt, thereby
producing a granular member having a diameter of about 20
um. Thus, desired 1rregularities can be formed 1n the tip end
3 without mvolvement of anelectric discharge machining
operation as preliminary treatment.

The present embodiment has described an example manu-
facturing method of forming substantially-spherical 1rregu-
larities 7 on the tip end 3. In order to transform the
irregularities 7 formed on the tip end 3 according to the 6th
embodiment mto the corrugations 18 having smoothly-
curved cross sections, the irregularities 7 are formed through
electric discharge machining or coining.

The present embodiment has not described a manufactur-
ing method of forming material having an agglomeration-
resistant property over the irregularities 7 formed on the tip
end 3 described in connection with the 7th embodiment.
According to the manufacturing method by which the
solder-resistant conductive ageglomerate member 9 1s formed
on the wrregularities on the tip end 3, the solder-resistant
conductive agglomerate member 9 1s formed by means of
plating or the vapor-phase composition technique, such as
the PVD or CVD technique, 1n a step subsequent to the step
in which the tip end 3 has been plated with nickel. Further,
in a subsequent step, the tip end 3 1s plated with gold for
preventing oxidation f the contact 1. In order to prevent the
solder-resistant conductive agglomerate member 9 from
being coated with gold, a resist film 1s provided on the tip

end 3.

According to the manufacturing method under which the
solder-resistant nonconductive agglomerate member 10
according to the 8th embodiment 1s provided on the irregu-
larities 7 on the tip end 3, the solder-resistant nonconductive
agglomerate member 10 1s formed by means of the vapor-
phase composition technique, such as PVD or CVD, 1n a
step subsequent to the step of plating the tip end 3 with
clectrolytic nickel. The tip end 3 1s subjected to oxygen
plasma etching 1n a subsequent step. In order to ensure
electrical connection, the solder-resistant nonconductive
agglomerate member 10 1s removed from the tip end of the
irregularities 7. In a subsequent step, the tip end 3 1s plated
with gold. In order to prevent the solder-resistant noncon-
ductive agglomerate member 10 from being plated with
oold, a resist film 1s provided on the tip end 3.

10th Embodiment

There 1s made comparison among the contact A of the test
socket according to the 5th embodiment which 1s shown in
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FIG. 12 and 1n which the wrregularities 7 are formed 1n the
tip end 3, the contact B according to the 3rd embodiment,
and the known contact C shown 1n FIG. 20. FIG. 18 1s a table
showing a fraction defective of semiconductor packages
which are tested through use of the three types of contacts;
A, B, and C. A lot 1s divided into three groups for the
respective contacts A, B, and C, each group comprising
about 3000 electronic devices or semiconductor packages
14. A certain IC included 1n respective electronic device or
semiconductor package 14 1s tested through use of the
contacts A, B and C. The fraction defective detected by the
contact A 15 reduced to one-fifth the fraction defective
detected by the known contact C. Further, the fraction
defective detected by the contact B 1s reduced to one-second
the fraction defective detected by the known contact C. The
reason why the fraction defective detected by the known
contact C has a large value 1s conceived to be attributable to
the following situation: Namely, the electronic device or
semiconductor package 14 is tested while the agglomerate 8
1s 1nterposed between the tip end 3 of the contact 1 and the
external connection terminal 144, to thereby hinder estab-
lishment of good electrical contact between the external
connection terminal 14a and the tip end 13. As a result, an
clectronic device or semiconductor package 14 i1s deter-
mined to be defective even through the electronic device or
semiconductor package 14 1s actually non-defective. In
order to compare the three types of contacts with one another
in terms of the length of life, the contacts A, B, and C are
compared with one another with regard to maintenance from
the view point of frequency of replacement, provided that
contact resistance of 1 £ or more 1s detected as a result of
an increase 1n the area on the contact surface in which
agglomerate 1s deposited. The tests show that the contact A
1s 1mproved 10 in terms of maintenance when compared
with the known contact C and that the contact B 1s improved
four times 1n terms of maintenance when compared with the
known contact C.

The present embodiment has described a method of
testing an electronic device or semiconductor package,
particularly, an IC, through use of a test socket. The method
can also be used for testing a printed board or a liquid-crystal
device other than an IC, by means of bringing a contact
according to the present invention into contact with an
external connection terminal of a printed board or liquid-
crystal device.

11th Embodiment

By means of the test described 1n connection with the 10th
embodiment, flaws formed in the surface of the external
connection terminal 14a of the semiconductor package 14,
which flaws are formed by the contact A according to the 5th
embodiment, the contact B according to the 3rd
embodiment, and the known contact C shown 1n FIG. 20. No
substantial flaws are found 1n the external connection ter-
minal which 1s tested by the contact terminal A. Small flaws
of about 10 um are found in the external connection terminal
which 1s tested by the contact B. Large flaws of several
hundreds of micrometers are found 1n the external connec-
tion terminal which 1s tested by the contact C. It could be
ascertained that flaws, which would be formed 1n an external
connection terminal by a contact, can be made small by
means of preventing horizontal sliding action of the contact.

The present invention having the foregoing structure
yields the following advantages.

A plurality of resilient sections are connected to a tip end
which 1s to be brought into contact with an external con-
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nection terminal of a contact belonging to a test socket of an
electronic device or semiconductor package. The resilient
sections are bent so as to extend i1n opposite directions
horizontally with respect to the tip end. The force exerted
downward on the tip end 1s equally distributed between the
plurality of resilient sections. The resilient sections are
eventually deflected downwardly without involvement of
horizontal sliding action. The force which 1s exerted on the
tip end 1n reaction to the downward deflection of the curved
portions brings the tip end 3 into pressing contact with the
external connection terminal 14a.

There can be prevented scraping of a member constituting
the external connection terminal or formation of oxides on
the external connection terminal, which would otherwise be
caused when relative sliding movement arises between the
tip end and the external connection terminal. Accordingly,
there can be prevented generation and accumulation of
agglomerate on the surface of the tip end. The present
invention yields an advantage of ability to effect a highly-
reliable test for a long period of time. Further, the present
invention prevents electrical shortcircuit, which would oth-
erwise be caused when agglomerate deposited on the tip end
comes off from the tip end and the thus-exfoliated agglom-
erate flakes aflix to an external connection terminal.

So long as the plurality of resilient sections are formed so
as to differ 1n thickness or length from one another or
another resilient section 1s added to the resilient sections
which are opposed, one of the resilient sections 1s made so
as to slightly differ in rigidity from the other resilient
section, thereby imparting a trace amount of horizontal
sliding action to the tip end 3. Even mnacase where electrical
contact 1s difficulty to establish because of presence of a
thick oxide film on the external connection terminal, elec-
trical connection can be established unfailingly. Further, the
amount of horizontal sliding action 1s minimized, and there
can be prevented formation and deposition of agglomerate
on the surface of the tip end to be brought 1nto contact with
an external connection terminal of an electronic device or
semiconductor package. Therefore, a highly-reliable test an
be effected for a long period of time.

A substantially hemi-spherical or roundly-pointed head 1s
formed at the head of the tip end to be brought into contact
with an external connection terminal of an electronic device
or ssmiconductor package. Further, a curvature radius of the
tip end 1s set so as to assume a value of 0.3 mm or less.
Consequently, contact resistance arising between an external
connection terminal and a tip end can be made small, as a
result of which a highly-reliable test can be effected for a
long period of time.

The tip end to be brought into contact with an external
connection terminal of an electronic device or semiconduc-
tor package 1s formed so as to assume a smooth corrugated
cross section, and the curvature radius of the tip end 1is
particularly set so as to assume a value of 0.3 mm or less. As
a result, contact resistance arising between an external
connection terminal and a tip end can be made small, as a
result of which a highly-reliable test can be effected for a
long period of time.

A plurality of protuberances formed from smoothly-
curved surfaces and a plurality of recesses which are adja-
cent to the protuberances and formed from smoothly-curved
surfaces are formed 1n the tip end to be brought 1nto contact
with an external connection terminal of an electronic device
or semiconductor package. As a result, the protuberances are
engaged with a solder film covering the external connection
terminal. Thus, the tip end can be brought 1nto contact with
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the external connection terminal without fail. Agglomerate
resulting from the protuberances engaging with the solder
film can be eliminated into the recesses. Although the
agglomerate 1s deposited mto the recesses 1n trace amount,
contact between the external connection terminal and the tip
end can be ensured at all times by means of the plurality of
protuberances, thereby enabling stable electrical connection
for a long period of time.

Further, a agglomerate-resistant member 1s provided on
the tip end to be brought into contact with an external
connection terminal of an electronic device or semiconduc-
tor package or on the irregularities on the tip end. As a resullt,
agglomeration of agglomerate, such as a trace amount of
solder chippings, can be prevented. Further, the present
invention yields an advantage of prolonging the life of a test

socket.

The agglomerate-resistant member 1s selected from the
group comprising chromium, tungsten, titanium nitride, and
diamond-like carbon containing graphite components in
high proportion. Presence of the agglomerate-resistant mem-
ber makes extremely low chemical affinity of solder for a tip
end to be brought into contact with an external connection
terminal of an electronic device or semiconductor package
or for 1rregularities formed on the tip end. Consequently,
agglomerate becomes difficult to adhere to the tip end. Thus,
the present invention yields an advantage of prolonging the
life of a test socket.

The agglomerate-resistant member 1s selected from either
diamond-like carbon containing graphite 1n low proportion
or diamond. The agglomerate-resistant member 1s provided
on the tip end other than the areca where the tip end
establishes electrical connection with an external connection
terminal. Presence of the agglomerate-resistant member
makes extremely low chemical affinity of solder for a tip end
to be brought into contact with an external connection
terminal of an electronic device or semiconductor package
or for irregularities formed on the tip end. Thus, the present
invention yields the same advantage as that mentioned
above.

The present invention employs a manufacturing method
comprising the steps of:

punching material so as to define the profile of a contact
of a test socket belonging to an electronic device or semi-
conductor package;

roughening a tip end to be brought 1nto contact with an
external connection terminal of an electronic device or
semiconductor package, by means of electric discharge
machining;

plating the thus-roughened punched socket with nickel;
and

plating the socket with gold.

As a result, there can be readily and mexpensively effected
defining of a required profile, formation of irregularities in
the tip end, and formation of an oxide film. There can be
manufactured the test socket.

Since the contact of the test socket of an electronic device
or semiconductor package can establish electrical contact
stably and continuously with an external connection termi-
nal of the electronic device or semiconductor package, the
reliability of electrical test of an electronic device or semi-
conductor package can be improved. Further, since the test
socket can be used over a long period of time, the present
invention yields an advantage of reducing the frequency of
replacement of a test socket, thereby improving the main-
tenance characteristic of a test socket,

Since the electronic device or semiconductor package 1s
tested through use of the contact without involvement of
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horizontal sliding action of the tip end or with involvement
of a trace amount of horizontal sliding action of the tip end,
the present invention yields an advantage of ability to reduce
flaws, which would otherwise arise 1n the external connec-
fion terminal as a result of the contact comes 1nto contact
with the external connection terminal. Further, the present
invention prevents occurrence ol an electrical shortcircuit,
which would otherwise be caused when flakes of agglom-
erate coming off from the tip end adheres to an external
connection terminal. The present invention also prevents
occurrence of a failure, which would otherwise be caused by
the agglomerate adhering to the external connection terminal
at the time of mounting of a semiconductor package.

12th Embodiment

Preferred embodiments of the present mmvention will be
described hereinbelow by reference to the accompanying
rawings. FIG. 24 1s a front view showing the structure of a
contact of a test socket according to a 12th embodiment of
the present invention. In the drawings, reference numeral 1
designates a contact; 2L and 2R designate resilient sections;
3L and 3R designate t1ip ends to be brought into contact with
an external connection terminal of a member to be, tested
(hereinafter referred to simply as a “member™), such as an
clectronic device or semiconductor package; 4 designates a
base; 5 designates a terminal to be connected with a test
circuit board; and 6 designates a support.

The contact 1 of the test socket has a free end to be
brought into contact with the external connection terminal
14a of the semiconductor package 14, the free end being
split 1nto two tip ends 3L and 3R. The tip end 3L 1is
connected to a resilient section 2L, and the tip end 3R 1s
connected a resilient section 2R, the resilient section 2L
differing from the resilient section 2R. The two resilient
sections 2L and 2R are connected to a single support section
6, and the base 4 to be used for positioning a test socket
extends horizontally from the support section 6. The termi-
nal S to be connected to a test board 1s connected to a lower
portion of the support section 6.

An external connection terminal 14a of the member 1s
placed on the tip ends 3L and 3R, and an unillustrated press
j1g 1s pressed against the external connection terminal 144.
The force exerted downward on the tip ends 3L and 3R 1s
substantially equally distributed between the two resilient
sections 2L and 2R which are provided opposite to each
other and are curved so as to extend horizontally with
respect to the tip ends 3L and 3R. The two resilient sections
2L and 2R are deflected downwardly, and the force which 1s
exerted on the tip ends 3L and 3R 1n reaction to the
downward deflection of the two resilient sections 2L and 2R
brings the tip ends 3L and 3R into pressing contact with the
external connection terminal 14a. At this time, the resilient
section 2R 1s Ad deflected around a fulcrum 2S at which the
resilient section 2R 1s connected to the support section 6,
wherewith the tip end 3R attempts to cause horizontal
movement toward the other tip end 3L. Similarly, force acts
on the tip end 3L so as to cause horizontal movement toward
the tip end 3R. Consequently, the tip ends 3L and 3R are
pressed against each other and cause relative sliding action
with respect to the external connection terminal 14a over a
distance corresponding to a clearance defined between the
tip ends 3L and 3R, as a result of which scraping of a
member constituting the external connection terminal 14a or
oxides formed on the external connection terminal 14«
arises 1n a smaller amount. Accordingly, there can be pre-
vented generation and accumulation of agglomerate on the
surfaces of the tip ends 3L and 3R.
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The force exerted on the tip ends 3L and 3R 1n a direction
in which they are pressed against each other can be changed
by means of changing the position of the fulcrum 2S. For
instance, so long as the width of the support section 6 1is
increased, as shown in FIG. 25, pressing force can be
increased.

13th Embodiment

FIGS. 26 A and 26B are front views showing the structure
of a contact of a test socket according to a 13th embodiment
of the present invention. In the drawing, reference numeral
1 designates a contact; 2L and 2R designate resilient sec-
tions; 3L and 3R designate tip ends; 4 designates a base; 6
designates a support; 14 designates a semiconductor pack-
age; and 14a designates an external connection terminal.

The present embodiment describes the operation of the
contact of the test socket according to the 12th embodiment.
There may be a case where the external connection terminal
14a 1s not formed horizontally and presses the tip end 3R
downwardly to a position lower than that of the tip end 3L.
Further, there may be a case where a resin chipping 16 1s
attached to the external connection terminal 144 and where
the resin chipping 16 1s caught between the external con-
nection terminal 14a and the tip end 3R, as shown 1n FIG.
26B. The tip end of the contact 1 of the test socket 1s split
into the tip ends 3L and 3R, with the tip end 3L being
connected to the resilient section 2L, and the tip end 3R
being connected to the resilient section 2R. By means of
such a structure of the tip end, the resilient section 2R causes
downward deflection faster than the resilient section 2L,
wherewith the tip end 3R 1s moved toward the tip end 3L.
As mentioned 1n the 12th embodiment, the tip ends 3L and
3R are pressed against each other, and hence the tip end
causes only a trace amount of horizontal movement. In other
words, the tip ends 3L and 3R do not cause any substantial
relative sliding action with respect to the external connection
terminal 14a. Scraping of a member constituting the external
connection terminal 14a or oxides formed on the external
connection terminal 14a can be suppressed, and hence there
can be prevented generation and accumulation of agglom-
erate on the surfaces of the tip ends 3L and 3R. Even if the
resin chipping 16 1s caught between the external connection
terminal 14a and the tip end 3L or 3R, to thereby hinder
establishment of electrical connection, establishment of
clectrical connection 1s ensured by the remaining tip end,
because the tip end 1s split into the tip ends 3L and 3R.

14th Embodiment

FIG. 27 1s a front view showing the tip end of a contact
of a test socket according to a 14th embodiment of the
present invention. In the drawings, reference numeral 3L and
3R designate tip ends; 3a designates a side protuberance
projecting from the tip end 3L; 3b designates a side protu-
berance projecting from the tip end 3R; and 17 designates a
clearance defined between the side protuberances 3a and 3b.

In the present embodiment, the contact 1 of the test socket
has a free end to be brought 1into contact with the external
connection terminal 14a of the semiconductor package 14,
the free end being split into two tip ends 3L and 3R. The tip
end 3L has the side protuberance 3a, and the tip end 3R has
the side protuberance 3b. The side protuberances 3a and 3b
are oriented opposite to each other, and the clearance 17 1s
defined between the side protuberances 3a and 3b. When the
external connection terminal 14a i1s brought into contact
with the tip ends 3L and 3R of the test socket, resilient
sections cause deflections, and the restoration force of the
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resilient sections brings the tip ends 3L and 3R into contact
with the external connection terminal 144, as 1n the case of
the 12th embodiment. In a case where force 1s exerted on the
tip ends 3L and 3R 1n a direction 1n which the tip ends 3L
and 3R are pressed against each other, the side protuberances
3a and 3b are brought mnto collision with each other. The
distance over which the tip ends 3L and 3R are horizontally
moved 1s determined by the dimension of the clearance C,
thereby determining the amount of sliding action arising
between the contact and the external connection terminal. If
the dimension of the clearance C shown 1n FIG. 27 1s set to
a value of 20 um or thereabouts, the amount of horizontal
movement of the tip ends 3L and 3R can be made smaller
than that achieved by the known test socket. A trace amount
of horizontal movement 1s 1imparted to the tip ends 3L and
3R, and hence electrical connection can be established
without fail even when a thick oxide film covering the
external connection terminal 1imposes difficulty 1n establish-
ing eclectrical connection between the external connection
terminal and the tip ends 3L and 3R. Provided that the
interval between the tip ends 3L and 3R (designated by
dimension D shown in FIG. 26) is set to a value of about 200
um, electrical contact can be established between an external
connection terminal and either of the tip ends, even if the
length of an external connection terminal varies. Thus, there
can be prevented occurrence of disconnection between the
external connection terminal and the contact.

15th Embodiment

FIG. 28 1s a front view showing the structure of a contact
of a test socket according to a 15th embodiment. In the
drawing, reference numeral 1 designates a contact; 2L and
2R designate resilient sections; 3L and 3R designate tip
ends; 5 designates a terminal; and 6 designates a support
section.

The contact 1 of the test socket has a free end to be
brought into contact with the external connection terminal
14a of the semiconductor package 14, the free end being
split mto two tip ends 3L and 3R. The tip end 3L 1is
connected to the resilient section 2L, and the tip end 3R 1s
connected to the resilient section 2R. The resilient sections
2L and 2R are connected to the single support section 6. The
support section 6 doubles as a horizontally-extending base
which 1s to be used for positioning the test socket. The
terminal 5 to be connected to a test board 1s attached to the
support section 6.

In the contact 1 of the test socket, the resilient sections 2L
and 2R are not bent so as to extend horizontally, unlike the
12th embodiment. The resilient sections 2L and 2R are
asymmetrical. The only requirement 1s to ensure only a
space for one resilient section. This test socket 1s effective
for reducing the distance between the seat 13 of the test
socket shown 1n FIG. 19 and the tip ends 3L and 3R of the
contact 1 which are brought into contact with the external
connection terminal 14a. When force 1s applied to the
external connection terminal 14a from above while the tip
ends 3L and 3R are brought into contact with the external
connection terminal 14a, the downward force exerted on the
tip end 3L causes substantially-vertical deflection of the
resilient section 2L around a fulcrum 2LS. The downward
force exerted on the tip end 3R causes deflection of the
resilient section 2R toward the tip end 3L around a fulcrum
2RS while horizontal movement of the tip end 3R 1s
involved. The tip end 3R comes 1nto collision with the tip
end 3L, thereby preventing involvement of any further
horizontal movement. Scraping of a member constituting the
external connection terminal 14a or oxides formed on the




US 6,794,890 B1

21

external connection terminal 14a can be suppressed, and
hence there can be prevented generation and accumulation
of agglomerate on the surfaces of the tip ends 3L and 3R.

In the present embodiment, the difference between the
height of the tip end 3L and that of the tip end 3R 1s not
specified. The resilient section 3R 1s lower 1n rigidity than
the resilient section 3L and causes atrace amount of deflec-
tion toward the tip end 3L 1nvolving horizontal movement.
For these reasons, the position of the tip end 3R 1s preferably
made higher than that of the tip end 3L.

16th Embodiment

FIG. 29 1s a front view showing the structure of a tip end
of a contact of a test socket according to a 16th embodiment
of the present invention. In the drawing, reference numeral
1 designates a contact; 2L and 2R designate resilient sec-
tions; 3L and 3R designate tip ends; 5 designates a terminal;
and 6 designates a support section.

The contact 1 of the test socket has a free end to be
brought into contact with the external connection terminal
14a of the semiconductor package 14, the free end being
split 1nto two tip ends 3L and 3R. The tip end 3L 1is
connected to the resilient section 2L, and the tip end 3R 1s
connected to the resilient section 2R. The resilient sections
2L and 2R are connected to the single support section 6. A
vector 1s defined by means of interconnecting the center of
the tip end 3L and a center 2S at which the resilient section
2L 1s connected to the support section 6. Another vector 1s
defined by means of interconnecting the center of the tip end
3R and the center 2S at which the resilient section 2R 1s
connected to the support section 6. These two vectors
substantially match the direction 1n which the tip ends 3L

and 3R are brought into contact with the external connection
terminal 14a.

As 1n the case of the 15th embodiment, the contact 1 of
the test socket according to the present embodiment com-
prises the resilient sections 2L and 2R, which are asym-
metrical. The contact 1 requires only a space for a single
resilient section. This test socket 1s effective for reducing the
distance between the seat 13 of the test socket shown 1n FIG.
19 and the tip ends 3L and 3R of the contact 1 which are
brought into contact with the external connection terminal
14a. When force 1s applied to the external connection
terminal 14a from above while the tip ends 3L and 3R are
brought into contact with the external connection terminal
14a, two vectors substantially match the direction 1n which
the tip ends 3L and 3R are brought into contact with the
external connection terminal 14a; namely, a vector defined
by means of interconnecting the center of the tip end 3L and
the center 2S at which the resilient section 2L 1s connected
to the support section 6, and another vector defined by
means of interconnecting the center of the tip end 3R and the
center 2S at which the resilient section 2R 1s connected to
the support section 6. Theretfore, the resilient sections 2L and
2R cause substantially-vertical deflections. Further, the resil-
ient section 2L 1s smaller 1n rigidity than the resilient section
2R. The tip end 3L comes into collision with the tip end 3R
involving horizontal movement, thereby preventing imnvolve-
ment of any further horizontal movement. Thus, horizontal
movement of the tip ends 3L and 3R can be prevented, and
scraping ol a member constituting the external connection
terminal 14a or oxides formed on the external connection
terminal 14a can be suppressed. Therefore, there can be
prevented generation and accumulation of agglomerate on
the surfaces of the tip ends 3L and 3R. Moreover, 1n the
present embodiment, the two resilient section 3L 1s con-
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nected to the support section 6 by way of the resilient section
3R. In contrast with the 15th embodiment, the difference 1n
rigidity between the two resilient sections 2L and 2R does
not become great, thus realizing facilitated control of contact
pressure of the contact 1.

In the present embodiment, the difference between the
height of the tip end 3L and that of the tip end 3R 1s not
specified. The resilient section 3L 1s lower 1n rigidity than
the resilient section 3R and causes a trace amount of
deflection toward the tip end 3R involving horizontal move-

ment. For these reasons, the position of the tip end 3L 1s
preferably made higher than that of the tip end 3R.

17th Embodiment

FIG. 8 1s a perspective view showing a portion of a
plurality of tip ends belonging to a contact of a test socket
according to a 17th embodiment of the present 1nvention.
The tip end 3 1s formed into a roundly-pointed head 16
having a certain thickness. A contact according to the present
embodiment 1s formed from beryllium copper having a
thickness of 0.2 mm by means of pressing, to thereby define
the outer profile of the contact. After the tip end 3 had been
split 1mnto two sections, the roundly-pointed head 16 1is
formed on each of the two tip ends through use of a brass
wire such that the roundly-pointed heads 16 are of different
radi1 of curvature. A test socket 1s manufactured through use
of the contact, and a force of about 50 g 1s exerted on the tip
ends of the contact from above, through use of a press jig,
thereby examining the relationship between contact resis-
tance and the curvature radi1 of the tip ends. FIG. 9 shows
test results. The graph shown 1n FIG. 9 represents the
relationship between contact resistance and the curvature
radi of the tip ends obtained when the contact of the test
socket according to the present embodiment 1sused. It can be
as certained that contact resistance can be suppressed when
the tip end 3 1s provided with the roundly-pointed head 16
having a curvature radius of about 0.3 mm or less.

Although the present embodiment has described the rela-
tionship between contact resistance and the curvature radius
of the tip end obtained 1n the case of use of the test socket
whose the tip end 3 has the roundly-pointed head 16, the
same relationship can be achieved even 1n a case where the
tip end 3 1s formed into a substantially-hemi-spherical head
17. Further, the same relationship 1s achieved even 1n a case
where the tip ends 3 of the contacts 1 of the test sockets
described 1n the 13th through the 16th embodiments are
formed so as to assume a substantially-hemi-spherical or
roundly-pointed head.

18th Embodiment

FIG. 11 1s a perspective view showing the structure of a
portion of a plurality of tip ends belonging to a contact of a
test socket according to an 18th embodiment of the present
invention. Reference numeral 3 designates a tip end; and 18
designates a corrugated portion formed in a portion of the tip
end 3, the corrugated portion having a smooth corrugated
cross section. In a case where the curvature radius of each
of the corrugations 18 1s set to 0.3 mm or less, there 1s
yielded the advantageous result yielded in the 17th embodi-
ment 15 yielded.

19th Embodiment

FIG. 12 1s a perspective view showing the structure of
portion of a plurality of tip ends of a contact belonging o a
test socket according to an 19th embodiment of the present
invention. FIG. 13 1s an enlarged cross-sectional view show-
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ing a tip end of a contact when the tip end 1s 1n contact with
an external connection terminal. FIGS. 14A and 14B are
plans view showing agglomerate deposited on the tip end in
comparison with the agglomerate deposited on a tip end of
a contact belonging to a known test socket. In the drawings,
reference numeral 3 designates a tip end (3L or 3R); 7
designates 1rregularities formed on the tip end 3; 7a shown
in FIG. 13 designates a plurality of protuberances formed
from smoothly-curved surfaces; 7b designates a plurality of
smoothly-curved recesses formed adjacent to the protuber-
ances; 14a designates an external connection terminal; 145
designates a solder film, such as solder, formed so as to
cover the external connection terminal 14a; and 8 designates

agglomerate.

In the contact 1 according to the 19th embodiment, if, as
shown m FIG. 12, the wrregularities 7 are formed on the
surfaces of the respective tip ends 3L and 3R, the protuber-
ances 7a are engaged 1n the surface of the solder film 145 on
the external connection terminal 144, as shown in FIG. 13.
As a result, an oxide film which 1s present on the surface of
the solder film 145 1s broken, and a contact area between the
protuberance 7a and the solder film 14b 1s increased. Since
a plurality of protuberances 7a are present on the tip end 3,
there can be ensured a suflicient contact arca between the
protuberances 7a and the solder film 14b without mvolve-
ment of relative sliding motion resulting from horizontal
movement of the contact 1. Accordingly, an electrical signal
can be transmitted/received by way of the contact 1. In other
words, good electrical contact can be ensured for a long
period of time while there 1s mimimized formation of
agglomerate, which would be caused when the protuber-
ances 7a scrape the solder film 14b formed on the external
connection terminal 14a.

In the present embodiment, formation of agglomerate,
which would otherwise be caused by sliding action of the
known contact, 1s minimized. However, when the protuber-
ances 7a formed on the tip end 3 of the contact 1 are engaged
with the solder film 14b, the agglomerate 8—which 1s an
aggregation of solder or oxide scraped from the solder film
14b—1is displaced into the recesses 7b. In the present
embodiment, the agglomerate 8 1s locally deposited 1n a
trace amount. Deposition of the agglomerate 8 1s described
in comparison with the agglomerate 8 which 1s deposited on
the known contact, by reference to FIGS. 14A and 14S. As
shown i FIG. 14B, the agglomerate 8 1s deposited over
substantially the entirety of the tip end 3 to be brought into
contact with an external connection terminal. The contact 1
would fail to establish good electrical contact with the
external connection terminal 144 before long. In contrast, 1n
the contact 1 according to the present embodiment, the
agglomerate 8 1s accumulated 1n the recesses 7b. As shown
in FIG. 14A, the agglomerate 8 1s scarcely present 1n the
contact areca where the contact 1 1s 1n contact with the
external connection terminal 14a. Even 1n a case where the
agglomerate 8 1s deposited on the tip end 3 through repeti-
fion of tests, the plurality of protuberances 7a can ensure
clectrical contact. Further, since relative sliding action,
which would otherwise arise between the contact 1 and the
external connection terminal 144, 1s minimized, and hence
agglomerate 8 1s deposited 1n small amount.

Thus, stable electrical contact can be established between
the external connection terminal 142 and the contact 1 for a
long period of time.

The geometry of the irregularities 7 formed 1n the surface
of the tip end 3 according to the present embodiment will
now be described in more detail. In order to ensure a contact

arca most etficiently, the curvature radius R of the top of the
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protuberance 7a 1s preferably set so as to assume substan-
tially the same value as the thickness of the outermost layer
of the external connection terminal 14a; that 1s, the thickness
of the solder film 14b. A cavity formed by combination of
the protuberances 7a and the recesses 7b 1s filled with the
agglomerate 8 soon, 1f the cavity has a shallow depth D. For
this reason, the depth D of the cavity 1s preferably set so as
to assume a thickness which 1s greater than the thickness of
the outermost layer on the external connection terminal 14a.
In fact, the curvature radius R of the top of the protuberance
7a 1s preferably set so as to assume a value of about 10 um,
and the depth D of the cavity formed by combination of the
protuberances 7a and the recesses 7b 1s preferably set so as
to assume a value of about 20 um. If the 1rregularities are
formed from smoothly-curved surfaces of, for example, 0.2
um or thereabouts, the agglomerate 8 preferably becomes
more slippery, to thereby prevent deposition of the agglom-
crate B.

20th Embodiment

FIG. 15 1s a cross-sectional view showing irregularities
formed 1n a tip end of a contact belonging to a test socket
according to a 20th embodiment of the present invention. In
the drawing, reference numeral 3 (3L or 3R) designates a tip
end; 7a designates protuberances of the irregularities 7; 7b
designates recesses; and 9 designates a conductive solder-
resistant ageglomerate member formed on the surface of the
protuberances 7a.

In the contact (the entirety thereof is not shown) having
the foregoing structure, the solder-resistant conductive
agglomerate member 9 having a thickness of about 1 um 1s
formed on the protuberances 7a of the wrregularities 7
formed on the tip end 3, thereby preventing coagulation of
the agglomerate 8, such as solder chippings. Any substance
may be employed as the solder-resistant conductive agglom-
erate member 9, so long as the substance has low chemical
athinity for solder. For example, chromium, tungsten, fita-
nium nitride, titanium nitride-oxide, and diamond-like car-
bon containing graphite components in high proportion are
particularly preferable. The surface of the rregularities 7 of
the tip end 3 can be coated with chromium by means of
plating, and the surface of the irregularities 7 can be coated
with any one of the other substances by means of vapor-
phase composition technique.

21st Embodiment

FIG. 16 1s a cross-sectional view showing irregularities
formed on a tip end of a contact belonging to a test socket
according to a 21st embodiment of the present invention. In
the drawing, reference numeral 3 (3L or 3R) designates a tip
end; 7a designates protuberances of the irregularities 7; 7b
designates recesses; and 10 designates a solder-resistant
non-conductive agglomerate member which 1s formed on
the surface of the protuberances 7a.

In the contact 1 having such a structure (the entirety of the
contact 1 is not shown), the solder-resistant nonconductive
agglomerate member 10 having a thickness of, for example,
about 1 um 1s formed on the protuberances 7a of the
irregularities 7 formed on the tip end 3, thereby preventing
agglomeration of solder chippings into the agglomerate 8.
Any substance may be employed as the solder-resistant
non-conductive agglomerate member 10, so long as the
substance has low chemical afhinity for solder. For example,
diamond or diamond-like carbon containing graphic com-
ponents 1n low proportion 1s particularly preferable. The
solder-resistant non-conductive agglomerate member 10 can
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be formed on the surface of the irregularities 7 formed on the
tip end 3 by means of the vapor-phase composition tech-
nique. In order to ensure establishment of electrical contact
between the tip end 3 and the external connection terminal
14a or a coating film formed on the external connection
terminal 14a, the contact 1s subjected to oxygen plasma
etching after a coating film has been formed on the tip end
3, to thereby remove a non-conductive film from an elec-
trical connection section. Further, a portion of the surface of
the 1rregularities 7 of the tip end 3, which portion 1s to act
as an electrical connection section, may be covered with a
resist film at the time of formation of the solder-resistant
non-conductive agglomerate member 10.

22nd Embodiment

A method of producing the contact 1 1n which the plurality
of tip ends 3 described 1n any one of the 12th through 16th
embodiments are connected to the different resilient sections
2, comprises

a first step of punching, 1nto a component, a member
having the property of a spring by means of pressing, to
thereby define the profile of a contact;

a second step of splitting a tip end of the thus-punched
component 1nto a plurality of tip ends, the tip end being
brought 1nto contact with a member to be tested; and

a third step of coating the thus-punched component hav-
ing the split tip ends.

FIG. 30 1s a flowchart showing specific example steps of
a method of manufacturing a test socket for use 1n testing an
electronic device or semiconductor package according to the
22nd embodiment. For example, a plate-like member having
the property of a spring and a thickness of hundreds of
micrometers, such as berylllum copper or phosphor bronze,
1s pressed 1nto a component, to thereby define the profile of
the contact terminal 1. The head of the tip end 3 of the
contact 1 1s finished through use of a brass wire having a
diameter of about 200 um. Further, the tip end 2 1s split into
two pieces through use of a narrow tungsten wire having a
diameter of 20 to 90 um. The thus-punched component
whose t1ip end has been split into two pieces 1s subjected to
electrolytic nickel plating.

In order to finish the component, the component 1s plated
with gold to a thickness of about 1 un for preventing
oxidation.

The width of a clearance defined between the tip ends 3L
and 3R 1s controlled by means of the diameter of the
tungsten wire used for splitting the tip end 3 or the thickness
of plating. Through the foregoing steps, there can be readily
manufactured the contact 1 comprising:

the tip ends 3L and 3R to be brought 1nto contact with an
external connection terminal of an electronic device or a
semiconductor package;

the resilient section 2L connected to the tip end 3L;
the resilient section 2R connected to the tip end 3R;

the support section 6 connected directly to the resilient
sections 2L and 2R or 1s connected to one resilient section
by way of the other resilient section;

the base 4 connected to the support section 6 for posi-
fioning a test socket; and

the terminal 5 to be connected to a test circuit board being,
connected to the base 4.

23rd Embodiment

A method of producing the contact 1 1n which the irregu-
larities 7 are formed 1n the tip end 3 described 1n the 19th
embodiment, comprises
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a first step of punching, into a component, a member
having the property of a spring by means of pressing, to
thereby define the profile of a contact;

a second step of splitting a tip end of the thus-punched
component into a plurality of tip ends, the tip end being
brought 1nto contact with a member to be tested;

a third step of forming, in the thus-split tip ends, a
plurality of protuberances and recesses from smoothly-
curved surfaces such that the protuberances and the recesses
are arranged adjacent to each other; and

a fourth step of coating the component whose tip end has
been split and 1n which the 1rregularities are formed in the
thus-split tip ends.

FIG. 31 1s a flowchart showing specific example steps of
a method of manufacturing a test socket for use 1n testing an
electronic device or semiconductor package according to the
23rd embodiment. For example, a plate-like member having
the property of a spring and a thickness of hundreds of
micrometers, such as berylllum copper or phosphor bronze,
1s pressed 1nto a component, to thereby define the profile of
the contact terminal 1. The head of the tip end 3 of the
contact 1 1s split into two pieces through use of a narrow
tungsten wire having a diameter of about 20 through 90 um.
The thus-split tip ends 3L and 3R of the contact 1 are made
rough by means of any one of the electric discharge machin-
ing technique, the sand blasting technique, the liquid honing
technique, and the etching technique. Protuberances formed
in the thus-roughened surfaces of the tip ends 3L and 3R are
plated with electrolytic nickel, and a solder film 1s grown
until desired irregularities are formed. The thickness of the
solder film 1s preferably determined by means of the degree
of a roughening operation. The thickness of the solder film
preferably assumes a value of 5 to 20 um or thereabouts.
Further, the thus-punched component which has been plated
1s plated with gold to a thickness of about 1 um, to thereby
prevent oxidation of the contact 1. The width of a clearance
defined between the tip ends 3L and 3R 1s controlled by
means of the diameter of the tungsten wire used for splitting
the tip end 3 or the thickness of plating. Through the
foregoing steps, there can be readily manufactured the
contact 1 comprising;:

the tip ends 3L and 3R to be brought into contact with an
external connection terminal of an electronic device or a
semiconductor package;

the resilient sections 2 connected to the respective tip ends
3L and 3R;

the support section 6 connected directly to the resilient
sections 2 or 1s connected to one resilient section by way of
the other resilient section;

the base 4 connected to the support section 6 for posi-
fioning a test socket;

the terminal 5 to be connected to a test circuit board being,
connected to the base 4;

the plurality of protuberances 7a which are formed 1n the
tip ends 3L and 3R from smoothly-curved surfaces; and

the plurality of recesses 7b which are adjacent to the
protuberances 7a and formed from smoothly-curved sur-
faces.

In the present embodiment, the tip ends 3L and 3R of the
contact 1 are roughened by means of the electric discharge
machining or the like, and protuberances which are present
in the thus-roughened area are plated with nickel. Through
the steps according to the present embodiment, a plate-like
member having the property of a spring, such as beryllium
copper or phosphor bronze, 1s pressed 1nto a component, to
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thereby define the profile of the contact terminal 1. The tip
ends 3L and 3R are plated with cobalt, thereby producing a
oranular member having a diameter of about 20 um. Thus,
desired 1rregularities can be formed 1n the tip end 3 without
involvement of an electric discharge machining operation as
preliminary treatment.

The present embodiment has described an example manu-
facturing method of producing the contact 1 1n which each
of the tip ends 3L and 3R 1s provided with the roundly-
pointed head 16. In order to produce the contact 1 in which
the substantially hemi-spherical head 17 described in con-
nection with the 17th embodiment 1s formed 1n each of the
tip ends 3L and 3R, after the tip end 3 has been split into the
tip ends 3L and 3R, the tip ends 3L and 3R are finished
through use of a wire such that the head of each of the tip
ends 3L and 3R assumes a substantially hemi-spherical
shape. In order to produce the contact 1 1n which the tip end
described 1n connection with the 18th embodiment 1s fin-
1shed so as to assume the corrugations 18 having a smooth
corrugated cross section, the tip end 3 1s finished by means
of the electrical discharge machining or coining technique.

The present embodiment has not described a manufactur-
ing method of plating the irregularities 7 formed on the tip
end 3 described 1n connection with the 18th embodiment
forming with a member having an agglomeration-resistant
property. According to the manufacturing method by which
the solder-resistant conductive agglomerate member 9 1is
formed on the 1rregularities 7 formed 1n the tip ends 3L and
3R, the solder-resistant conductive agglomerate member 9 1s
formed by means of plating or the vapor-phase composition
technique, such as the PVD or CVD technique, in a step
subsequent to the step 1in which the tip ends 3L and 3R have
been plated with nickel. Further, 1n a subsequent step, the tip
ends 3L and 3R are plated with gold for preventing oxidation
of the contact 1. In order to prevent the solder-resistant
conductive agglomerate member 9 from being coated with
oold, a resist film 1s provided on the tip ends 3L and 3R.

According to the manufacturing method under which the
solder-resistant nonconductive agglomerate member 10
according to the 21st embodiment 1s provided on the irregu-
larities 7 formed 1n the tip ends 3L and 3R, the solder-
resistant nonconductive agglomerate member 10 1s formed
by means of the vapor-phase composition technique, such as
PVD or CVD, 1n a step subsequent to the step of plating the
tip end 3 with electrolytic nickel. The tip end 3 1s subjected
to oxXygen plasma etching 1n a subsequent step. In order to
ensure electrical connection, the solder-resistant nonconduc-
five agelomerate member 10 1s removed from the tip end of
the wrregularities 7. In a subsequent step, the tip end 3 1s
plated with gold. In order to prevent the solder-resistant
nonconductive agglomerate member 10 from being plated
with gold, a resist film 1s provided on the tip end 3.

24th Embodiment

There 1s made comparison among the contact A of the test
socket according to the 12th embodiment which 1s shown 1n
FIG. 24 and 1n which the tip end 3 is split into two pieces,
the contact B according to the 19th embodiment in which
irregularities are formed in the tip end, and the known
contact C shown 1 FIG. 20. FIG. 32 1s a table showing a
fraction defective of semiconductor packages which are
tested through use of the three types of contacts; A, B, and
C. Alot 1s divided into three groups for the respective
contacts A, B, and C, each group comprising about 3000
electronic devices or semiconductor packages 14. A certain
IC included 1n respective electronic device or semiconductor
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package 14 1s tested through use of the contacts A, B, and C.
The fraction defective detected by the contact A 1s reduced
to one-fourth the fraction defective detected by the known
contact C. Further, the fraction defective detected by the
contact B 1s reduced to about one-seventh the fraction
defective detected the known contact C. The reason why the
fraction defective detected by the known contact C has a
large value 1s conceived to be attributable to the following
situation: Namely, the electronic device or semiconductor
package 14 1s tested while the agglomerate 8 1s 1nterposed
between the tip end 3 of the contact 1 and the external
connection terminal 144, to thereby hinder establishment of
good electrical contact between the external connection
terminal 14a and the tip end 13. As a result, an electronic
device or semiconductor package 14 1s determined to be
defective even through the electronic device or semiconduc-
tor package 14 i1s actually non-defective. In conftrast, the
contact A according to the present 1nvention suppresses
relative slhiding action of the tip end of the contact with
respect to the external connection terminal. Even 1if resin
chipping 16 has attached to the external connection terminal
14a, any one of the split tip ends 13L and 13R can establish
electrical connection with the external connection terminal
14a, as a result of which the fraction defective of the
clectronic device 1s greatly diminished. Further, the protu-
berances 7a are formed 1n the tip end of the contact C
according to the present embodiment, thereby resulting in an
increase 1n contact area between the tip end and the external
connection terminal and ensuring electrical connection
between the same. In order to compare the three types of
contacts with one another 1n terms of the length of life, the
contacts A, B, and C are compared with one another with
regard to maintenance from the view point of frequency of
replacement, provided that contact resistance of 1£2 or more
1s detected as a result of an increase 1n the area on the contact
surface 1n which agglomerate 1s deposited. The tests show
that the contact A 1s improved about 10 times 1n terms of
maintenance when compared with the known contact C and
that the contact B 1s improved about four times in terms of
maintenance when compared with the known contact C. The
reason for this can be considered to be that the contacts A
and B have minimized generation of agglomerate and that
the contact B can eliminate the agglomerate 8 into the
reCESSES.

The present embodiment has described a method of
testing an electronic device or semiconductor package,
particularly, an IC, through use of a test socket. The method
can also be used for testing a printed board or a liquid-crystal
device other than an IC, by means of bringing a contact
according to the present invention into contact with an
external connection terminal of a printed board or liquid-
crystal device.

25th Embodiment

By means of the test described 1n connection with the 24th
embodiment, flaws formed in the surface of the external
connection terminal 14a of the semiconductor package 14,
which flaws are formed by the contact A which has the
plurality of tip ends 3 according to the 12th embodiment, the
contact B whose tip end 3 has the irregularities 7 formed
thereon and which 1s described 1n connection with the 14th
embodiment, and the known contact C shown 1n FIG. 20.
Small flaws of about 10 um are found in the external
connection terminal which 1s tested through use of the
contacts A and B. Large flaws of 50 to 100 um are found in
the external connection terminal which 1s tested through use
of the contact C. It could be ascertained that flaws, which
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would be formed 1n an external connection terminal by a
contact, can be made small by-means of preventing hori-
zontal sliding action of the contact.

The present invention having the foregoing structure
yields the following advantages.

A tip end of a contact to be brought 1nto contact with an
external connection terminal of an electronic device or
semiconductor package comprises a plurality of tip ends,
and the tip ends are connected to different resilient sections.
The resilient sections are directly connected to a single
support section, or one resilient section 1s connected to the
single support section by way of another resilient section.
The force exerted downward on the tip ends causes deflec-
tions of the resilient sections. The force which 1s exerted on
the tip ends 3 1n reaction to the downward detlection of the
resilient sections brings the tip end 3 into pressing contact
with the external connection terminal 14a. At this time, the
tip ends involve horizontal movement. However, the tip ends
come 1nto collision with each other, thereby suppressing
horizontal movement. Since a member constituting the
external connection terminal 14a or oxides formed on the
external connection terminal 14a are scraped 1n a smaller
amount, there can be prevented generation and accumulation
of agglomerate on the surfaces of the tip ends. Therefore, a
highly-reliable test can be effected for a long period of time.
The present 1nvention also prevents occurrence of a short-
circuit failure, which would otherwise be caused when the
agglomerate adhering to the external connection terminal
comes off from the tip end and attaches to the external
connection terminal. Even if resin chipping 16 1s caught
between the external connection terminal and one of the tip
ends, thereby failing to establish electrical contact, the
remaining tip ends can establish electrical contact with the
external connection terminal.

The resilient sections connected to the respective tip ends
are provided opposite to each other and are bent so as to
extend horizontally with respect to the tip ends. The force
exerted downward on the tip ends i1s equally distributed
between the plurality of resilient sections, and the resilient
sections are eventually deflected 1n substantially the vertical
direction. Although the tip ends attempt to cause horizontal
movement, the tip ends come 1nto collision with the adjacent
tip ends, thereby preventing horizontal movement of the tip
ends. Thus, as mentioned above, the present 1invention can
yield an advantage of preventing generation and accumula-
tion of agglomerate on the surfaces of the tip ends and
cifecting a highly-reliable test for a long period of time.

A clearance defined between the plurality of tip ends
yields an advantage of preventing horizontal movement of
the tip ends. Particularly, 1n a case where a protuberance 1s
formed on the side of each of the tip ends and where a
clearance 1s defined between the plurality of tip ends, the
tops of the tip ends can be separated from each other, thereby
preventing occurrence of disconnection between the exter-
nal connection terminal and the contact.

A vector 1s defined by means of 1interconnecting a resilient
section connected to a tip end, the center of a connection
section at which a support section supports the resilient
section, and the center of the tip end to be brought into
contact with an external connection terminal of a member to
be tested. The vector substantially matches the direction in
which the tip end 1s brought into contact with the external
connection terminal. As mentioned above, the tip ends come
into collision with the adjacent tip ends, thereby preventing
horizontal movement of the tip ends. Thus, as mentioned
above, the present invention can yield an advantage of
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preventing generation and accumulation of agglomerate on
the surfaces of the tip end. The distance between a seat of a
test socket and the tip end of the contact can be reduced.

A substantially hemi-spherical or roundly-pointed head 1s
formed at a portion of a tip end to be brought 1nto contact
with an external connection terminal of an electronic device
or ssmiconductor package. Further, a curvature radius of the
tip end 1s set so as to assume a value of 0.3 mm or less.
Consequently, contact resistance arising between an external
connection terminal and a tip end can be made small, as a
result of which a highly-reliable test can be effected for a
long period of time.

The tip end to be brought into contact with an external
connection terminal of an electronic device or semiconduc-
tor package 1s formed so as to assume a smooth corrugated
cross section, and the curvature radius of the tip end 1is
particularly set so as to assume a value of 0.3 mm or less. As
a result, contact resistance arising between an external
connection terminal and a tip end can be made small, as a
result of which a highly-reliable test can be effected for a
long period of time.

A plurality of protuberances formed from smoothly-
curved surfaces and a plurality of recesses which are adja-
cent to the protuberances and formed from smoothly-curved
surfaces are formed 1n the tip end to be brought 1nto contact
with an external connection terminal of an electronic device
or semiconductor package. As a result, the protuberances are
engaged with a solder film covering the external connection
terminal. Thus, the tip end can be brought 1nto contact with
the external connection terminal without fail. Ageglomerate
resulting from the protuberances engaging with the solder
film can be eliminated into the recesses. Although the
agglomerate 1s deposited mto the recesses 1n trace amount,
contact between the external connection terminal and the tip
end can be ensured at all times by means of the plurality of
protuberances, thereby enabling stable electrical connection
for a long period of time.

Further, an agglomerate-resistant member 1s provided on
the tip end to be brought into contact with an external
connection terminal of an electronic device or semiconduc-
tor package or on the 1rregularities on the tip end. As a result,
agglomeration of agglomerate, such as a trace amount of
solder chippings, can be prevented. Further, the present
invention yields an advantage of prolonging the life of a test
socket.

The agglomerate-resistant member 1s selected from the
group comprising chromium, tungsten, titanium nitride,
titanium carbide, and diamond-like carbon containing
graphite components 1in high proportion. Presence of the
agglomerate-resistant member makes extremely low chemi-
cal athinity of solder for a tip end to be brought 1nto contact
with an external connection terminal of an electronic device
or semiconductor package or for irregularities formed on the
tip end. Consequently, agglomerate becomes difficult to
adhere to the tip end. Thus, the present invention yields an
advantage of prolonging the life of a test socket.

The agglomerate-resistant member 1s selected from either
diamond-like carbon containing graphite 1n low proportion
or diamond. The agglomerate-resistant member 1s provided
on the tip end other than the areca where the tip end
establishes electrical connection with an external connection
terminal. Presence of the agglomerate-resistant member
makes extremely low chemical afinity of solder for 1rregu-
larities formed 1n a tip end, which tip end 1s to be brought
into contact with an external connection terminal of an
electronic device or semiconductor package or for 1rregu-
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larities formed on the tip end. Thus, the present imnvention
yields the same advantage as that mentioned above.

The present invention employs a manufacturing method
comprising the steps of:

punching a member into a component so as to define the
proiile of a contact of a test socket belonging to an electronic
device or semiconductor package;

splitting a tip end of the contact into a plurality of pieces
by means of wire cutting;

pla
pla

As a result, there can be readily and inexpensively manu-
factured a test socket which has a required profile, comprises

a plurality of tip ends, and 1s plated with a film for prevent-
ing oxidation.

1ng the thus-punched component with nickel; and

1ng the thus-plated component with gold.

The present invention also employs a manufacturing
method comprising the steps of:

punching a member into a component, so as to define the
profile of a contact of a test socket belonging to an electronic
device or semiconductor package;

splitting a tip end of the contact into a plurality of pieces
by means of wire cutting;

roughening the surfaces of the tip ends through electric
discharge machining;

pla
pla

As a result, there can be readily and inexpensively manu-
factured a test socket which has a required profile, comprises

a plurality of tip ends having wrregularities formed therein,
and 1s plated with a film for preventing oxidation.

1ng the thus-roughened component with nickel; and

1ng the thus-plated component with gold.

Since the contact of the test socket of an electronic device
or semiconductor package can establish electrical contact
stably and continuously with an external connection termi-
nal of the electronic device or semiconductor package, the
reliability of electrical test of an electronic device or semi-
conductor package can be improved. Further, since the test
socket can be used over a long period of time, the present
invention yields an advantage of reducing the frequency of
replacement of a test socket, thereby improving the main-
tenance characteristic of a test socket.

Since the electronic device or semiconductor package 1s
tested through use of the contact without involvement of
horizontal sliding action of the tip end or with involvement
of a trace amount of horizontal sliding action of the tip end,
the present invention yields an advantage of ability to reduce
flaws, which would otherwise arise 1n the external connec-
tion terminal as a result of the contact coming into contact
with the external connection terminal. Further, the present
invention prevents occurrence of an electrical shortcircuit,
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which would otherwise be caused when flakes of agglom-
erate coming off from the tip end adhere to an external
connection terminal. The present invention also prevents
occurrence of a shortcircuit failure, which would otherwise
be caused by the agglomerate adhering to the external

connection terminal at the time of mounting of a semicon-
ductor package.

What 1s claimed 1s:

1. A test socket with a contact to be electrically connected
to an external connection terminal of the member to be
tested so as to be used for testing an electrical characteristic
of the member, wherein

said contact comprising:

a tip end to be brought 1nto contact with said external
connection terminal;

a plurality of wrregularly shaped protuberances and a
plurality of wrregularly shaped recesses formed in
said tip end;

resiliently-deformable bulging sections which extend
perpendicularly with respect to said tip end; and

a support section provided 1n an extended line of a
direction along which said tip end moves by resilient
deformation of said resiliently-deformable bulging
sections.

2. The test socket as defined 1n claim 1, wherein

said resiliently-deformable bulging sections are two
members which are disposed opposite to each other and
extend 1n opposite horizontal directions with respect to
said tip end.

3. The test socket as defined 1n claim 1, wherein

said resiliently-deformable bulging sections are two
members which are disposed opposite to each other
with respect to the tip end, and the rigidity of one
member differs from that of the other member.

4. The test socket as defined 1n claim 1, wherein

a portion of said tip end to be brought into contact with
said external connection terminal of the member to be
tested 1s formed immto a roundly-pomted shape or a
substantially hemi-spherical shape.

5. The test method involving use of the contact of the test

socket as defined 1n claim 1, comprising the steps of:

bringing an external connection terminal of a member to
be tested 1nto contact with a tip end of the contact of the
test socket;

sending, to the member, an electric signal transmitted
from a terminal connected to a circuit board; and

testing the operation of the member through use of the
clectric signal returned from the test member.
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